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Strike Activity Detection/Recognition
and Evaluation Method Using Wearable Sensors
Towards Kendo Skill Improvement Support
System*

Yohei Torigoe

Abstract

In the field of sports, there are increasing opportunities to use information and
communication technology (ICT) to enhance the training process and improve
the performance of athletes. In particular, it is possible to obtain a variety of
data using wearable sensors attached to the athlete’s body and athletic equipment
because of the miniaturization, low power, and low power wireless communication
of sensing devices. Many wearable sensors have built-in inertial sensors equipped
with acceleration sensors and gyro sensors, and can measure the athlete’s move-
ments both indoors and outdoors. Therefore, it has great potential in the per-
formance analysis of various sports that have not been done. In this thesis, we
focus on kendo, a traditional martial art using shinai (bamboo swords) in Japan,
and propose methods for detecting, recognizing, evaluating strike activities us-
ing wearable sensors towards realizing a kendo skill improvement support system
that enables even beginners to practice effectively alone. This system assumes
that players attach the wearable sensors to the body and the shinai, and practice

performing strike activities. The system is constantly monitoring the player, and

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and
Technology, March 13, 2020.
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when a strike activity is executed, it is automatically detected and the type of it
is recorded. Also, after practice, the strike activities recorded are evaluated by
the system. In order to realize the proposed system, we propose three methods:
(1) a method for detecting a strike activity section from data obtained from the
player: (2) a method for recognizing the type of strike activity: (3) a method
for evaluating the skill level of strike activities. We performed evaluation exper-
iments to confirm the effectiveness of each method. We used a sensor data set
of strike activities obtained from 14 participants (7 kendo-experienced persons, 7
inexperienced persons). We attached four wearable sensors to the participants’
right wrist, waist, and the shinai (tsuba and sakigawa). First, as the detection of
the strike activity, we calculated the dynamic time warping (DTW) distance be-
tween the training data and the time series data and detected the strike activity
sections. The proposed method detected strike activities with high accuracy of
F-measure: 95.0%. Next, as the recognition of strike activity, we recognized five
types (Center-Men, Right-Men, Left-Men, Do, Kote) and three types (Men, Do,
Kote) strike activities. In the person independent case, we achieved F-measure:
71.0% (five types) and 81.6% (three types) accuracy using one wearable sensor at-
tached to the shinai tsuba. In the person dependent case, we achieved F-measure:
93.1% (five types) and 97.7% (three types) accuracy using one wearable sensor
attached to the right wrist. Finally, as the evaluation of the skill level of the
strike activities, we focused on the ”form”, ”speed”, and ”consistency” of the
strike activity, and calculated the evaluation value using the acceleration and
gyro obtained from the sensors. As a result, the possibility that the skill level

could be evaluated by wearable sensors was shown.
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skill improvement support, kendo, wearable sensor, inertial sensor, machine learn-
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2020 FEIZBE I NAHEA Y v v Z - X5 Y vy ZIZAT T, HRIZA
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MBEONRT =<V ADR ERHFEEINT WS [1). Yy 7—TIi%, 2015 FICHE
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REDFHTNA ABEFICEET LI E2HFALTVWS 2. 978 —TH, &
Mt o3 KO GPS B E - I3RE B2 ETORFGEL2ERMATIHDITHE
FHENTWAS [3,4]. Zhizk b, BRI ZOHDEKHEP A7+ —< v AEDYE
THR=YVFISARXARINEET R DL —= v P A= 2 — W 28 INTE, 4 —
N=hL ==V I PRERDOV A 2R/NRIZIMA DI ENTEEI s, B4
WAR=IZEWT, ZLOTAEFENICT 2IFHLTW5.

AR=YNFIZE TS ICT OFEMIL, ThETTROEEHEIZRSNT W
N, EETREL DRV ZBH LT T I TVTNANL ZADE KB OO Y
ThDA—HFLY T D EIZED, TYFaT7OREEY —BEOL—-YFTELE
BB ANBEL o7z, BB Y ORTERIZ, SEIEE 2 Y RO 3> v
A VY EHEAEEE I, 2OV T I TNy HIZABINTED,
BN & D5 S OBEEHRZ GREEICIERETH L 2 s, 5K, 5
EFTCHHSINTWAEDP AR —VIZHEMING ZEDHAEND [5. T
eV, BUE, Bl WY 27 5 7V v R HWEERIZET AT 2T«
YT« OB, ik, KROCEBIIBETA2MENBEAIITONT VWS, NAT Y K
R=LX254I07Tl, VANV RBOD 7 57V Y 20T
EIZEEL, BETOEFEZOMMTAIET, Ya— FEEORBP IS4 I
II— N EWEET ZMEFTOHENT NS [6, 7).

LU, B2 HEAR=Y DR TERIZ, HADEFENR AR =Y LORED
—D Y UL THSNTWAAED ST, 71710 EIC3EE XN IEE Y >+
PEHE Y DT — X0 o —IOEDFM 217 5 HFEAN L D fTHhN TS D
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o /NF (B/INF)
NI THFOFEDOH D 2T DHTEEETH 5. HAMFOLFEEZITD
HGNFEBRERTHD O, ENFETOHNFEFET D0, Tl & FRKIZE
LWETH D7D, AR TIENRINE L.

RENE, MHFOMEZETTI TR EANLATEEIEDO D THHH DD, fho7%E
EVMHFOHEICEBGEZADE SRR D 5720, MEXHREPIZBIT 652X
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(c) NF

3 HATEEEDORET
ERFIZREINEZ DS, TDD, AFETIREEZH$40LE L. X

3IXIEM, M, NFOHEREMEOHKTZRLTWS., HE/NFOH S LU T
Wb ZEDWHRTES.

3.3 BRITFT—9H5DITEEERBEFE

AFZETIE, 2—PIZEEINZT =T 7 7 P05/ 56 N5 0RFIHE
f€57 — &5 5, Dynamic Time Warping (DTW) FR#fE [21] (ZFED W THZEEIEX
MzMiT 2. DTW X2 DORRYT — X EOELE (FElE) 2515842 Fik
THD. RRHT— RIFA R TOFbONTED, T—XAM =27, B
R, 7T AR E DMILD 72D IZRERH T — X DIEMEFIHEI KD 5N TE 7=,
O RAELEFETFEIXI—2 Yy NIEE#CH 50, IR 05 s A3 E
EINT VWS, RIDEZRDIEGRINT — XD EITD 2N TERVA
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P, FEMEADEEEZZIIRTVWE VWS T REDEET . DITW IS D
R R U7 RR5 T — X OBEBEFRFIETH L. DTW ORHie LT, K
RINT—RIZBITB1HDT—R%, &5 —HOKRRIT —RIZBF 2 EE D
T = RITHIANT 5N B 728, WG M O IR il 2 A TE 5. £D7%
D, EAEEN R DRERYPY, BEX DI LR 50357 — X OFLUE
RKOOND. KR TI, RBEREBRELCMHERNREIZLD, 2—PFIT k> THZE
BEOR I MM LREEN R DGEVPFET 5720, TholZHRLTWS
DTW i3 5.

PAFIZ, DTW QB2 7V T) AL%E2RT. BEXm ORRINT—X T, =
(thth, L) BRI n ORI T =R Ty = (13,42, .t 2FEXDHLE, Zhod
DTW #ifft D(T,, To) 1 ZIRD & S I2E8HEI N 5.

D(Ty,Ty) = d(m,n) (1)
d(i,j — 1)

d(i, ) = [t; — €3] +min ¢ d(i — 1, ) (2)
d(i—1,5—1)

d(0,0) = 0,d(i,0) = d(0, j) = co (3)

(t=1,...,m;5=1,...,n)

ARTIRETZFETIE, V2737V Ih oGS h-HEiE2 a0
MEERRIN T — X2 DY T —r v 2k, HEIZT NIUAT SN EHED
T 7L — DD DTW VR I, 20 DTW BE#EIZ 3D\ TSRS
F= RS TEEFERMZRE TS, 1ZUOIZ, BEE 7z 3o kg R4
T—XDEHEC 2R (4) ZHWTEET 5.

Ci =/ (27 +yi + 2}) (4)

ZOEBIEE ORRAT— &%, 71 NUE1.28% (128> 7)), 25
4 NiF 0328 32> T)NV) DASAT AT T4 Y RUTY 7V —7 VR
DEXNG. ]IZ, TRTOYTV—r Ak, FEITT NI NT52H)
fE D 3EDERINEE T —X ThHhbHT > 7L — DO DTW B % Z R
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Training Data Time series data (divided subsequences)

Calculate
m DTW distance

M

-]
AL

______________________________

@ Local minimum point

Distance

0 50 100 150 200 250
Number of the subsequences

M 4 MHEFIEOMEYE DTW BHEERIE D H

IZEHET . Ao DTW iy — Ik U TIERME U 7248,  DUF O B {E
R ORIFINR/NSEOME 21T S, 2 TR 12 BAT RN IR % 3
TY—= AR UT, #0647 (64 ¥ 7)) $OHMIT S I L THLN
5 AR 2.56 M (256 ¥ > 7)) DIERINT — X 2 fTREEXE & A7 U TR,
flit g 5. X412, RETDHEHFERETFEOMERS LU, A—a—Y DIk
DT> 7V — b UTEES N, 9EOTEHEEZ & ERIEE T — 2D
DTW BB 2. K4 hOfkEDRIXEINR/NMNSZRLTWS, 72, K
512, TDE EDERIMEET — X LREFERIC L 2MAFERERT. M50F
OHEFHIL, FEITT NIUMIT SN REERZRL, REOHPHIZITES)
fEXME LTSNy 7o =T Y 2R LTV 5.

3.4 VITSTIVT/INA R &K BITEEERHBF =

AWZETI, 2—HFICEEINZT 2T 77 v ofFond Bt oo
T—&ERWT, S (EM, 46, A, [, NN 50, mEhi—L
7 3MERE (1, MR, /NF) OFTEENMEZ BT 5.
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—— Composite 3-axis acceleration
Correct strike sections

§ 15 -

S 101

©

3 5

[T}

o

< 0 1 T T T T T T T T T

0 10 20 30 40 50 60 70 80
Time [sec]
(2) FET I ~IUAHT & 7T BB EX
—— Composite 3-axis acceleration
Detected strike sections

§ 15

S 101

o

L 51

(]

o]

< 0 1 T T T T T T T T T

0 10 20 30 40 50 60 70 80
Time [sec]

(b) DTW BRI 365 72 TR B I

B 5 SEINEET— 2B X DTW H#fIZED < iR

FELE Tav ATlE, £9, V=777V rYrov v 7Y v IR
100Hz THUE X N A MEERES (Ace-XYZ) , ¥ ¥ 1 2{E5 (Gyro-XYZ) 12Xt
U, ARSI AR ED ) A XREZEITI 2D, AT4T7 V7 14)XE 20Hz
DIWMNRT—A - A—=NAT 4 )V REWHT S, /1 AREI N INEEES
(Ace-XYZ) IZIFENB KCREHESDEIEL TWE 720, 0.3Hz DNE T — A -
O—NAT7 4 )V R ZHEAL, EAOD (GravityAce-XYZ) &AARERL 7 (BodyAce-
XYZ) ZHEExE 5. ZORNEBUIENMEERES DA EET S LIEINT
W3 EPoREI N[22, 23] 7z, EKRENKS ONEEAS S ORFMS % 5
HeHZLIZEoTHEEINS Y Y — 27155 (BodyAccJerk-XYZ) &, 3Hilf5
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HFOa—27Vy N2 BT T5Z & TSNS G8ES (GravityAcc-Mag,
BodyAcc-Mag, BodyAccJerk-Mag) %ZiEHT 5. Yv A BfE5HFEKDO 70t
& - T, REIES DMHEEES (BodyAngularSpeed-XY7Z) (ZA1A T, AN
HWEfE 5 (BodyAngularAce-XYZ) 8 X UE#H/E5 (BodyAngularSpeed-Mag,
BodyAngularAcc-Mag) #4835, 612, LEEEDESD S5, GravityAce-
XYZ. GravityAccMag, BodyAngularSpeed-XYZ % [R< 7 DDEFIZH LT, Fast
Fourier Transform (FFT) 2% X, BRI R A A VIZEHINIEF5 %2 ERK
5. TORRE, RUIRTEENTHEOES (10HORH KA1 UV ESE X
O 7D N AL VES) B I h 5.

REmME 7o 2T, FEUE T o A TR LN ITFHEORES, 2.56
MORA LT RY (256 )) THEISH, TUTETNDU 1Y RUTF—X
P ORFEENEIE I NS, EHEERERICBI T 2 81 TI5E [24] TIX, I ST —
RIZBHEHORAERTY U TADRTDITEENT VWD L E, EVEEE S
LNTED, ALEDOHTEEMEIIN 2MEETHL I LD OARETDRA LY 1V
K3 256 EF 5. 256 BDXA LT 1Y FUTRE o NAESTP oK 2ITR
T, R R A A VREE R N A« VREEZ & 561 AR EEZ M T
. IS OREEOERT 28 L UTl, FICEET— X% HW 725135/
Pz B9 5 SBATARGE S ARIMEDVR I N T WA 72 Tdh 5 [22, 23, 25, 26, 27).
HHINZRBEIX TN T NAT —IVRERL 5720, EH#AZTS 2 L TEEN
0, BHERAD1IZRD LS ITAT = VR AT42, ZTh o 2 BTlMEE Iz Lo
TH REE O Z 1T 5.

3.5 DIT T TILT/NA R & BITREFORGEELMFE

ARG TIE, 2=V IZEEINZTV T I 7V ho/lonsEE Y
F— R EHWT, —¥WHETUEER D BEORME %2 T 5.

RETIE, BRI R ERT 27017, SEF MM T 2 BEL, 58
fie FBRIEMIZIE L R T T R 53\, 2T, BE AT SV 2 EKd

WZH720, AFD 3 DODDIRERZE LT, TNSIZh-> 72682 EkT 5.
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K1 MEEBITY vy 1023 —T S EKINDIMH - FKB R A1 V55

Signal name Type (T: Time, F: Freq.)
Body Acc T, F

Gravity Acc T

Body Acc Jerk T, F

Body Angular Speed T, F

Body Angular Acc T

Body Acc Magnitude T, F

Gravity Acc Mag T

Body Acc Jerk Mag T, F

Body Angular Speed Mag T, F
Body Angular Acc Mag T, F

RER L : FTRD T + — LA
AT RDOEMIZIB -7, ELVLWHEBEZEEL TV 2 RBER 0T
ZZENEDIBIIELE & <, BE L TORWARERE & $dE Oz
FELLE DMEN.

RER 2 : FTRDES
R IR AL, HRDDLBINTEREE2T A L5720, HTEEEHOTF
BT T DEIEDIRREERE £ D E .

RER 3 : FTZD—EM
HIRH T EFEDF IV T WS 728, R OFTEEEIZ B W THLDE
MARE LT 5T Eh7.

RS [28] 1, E=YarvFy T F vy VAT LB L OEE L VY T =X E2 A
72 DMFEEO RS FE 2 IRELCTWd. 2T kb, EROERE» 5D
MRSFZEIEADE, 68k, 38k, FIBIZN U CRBEMIZFHEi 21T o 7. AWIZETIE
Ao DFEESEIL, BRI oRoND R IRV BFEOINFEE, Vv 11

16



x2 FEEY AL

Function Description Formulation Type
mean (s) Arithmetic mean 5=+ s T, F
std (s) Standard deviation o= \/ﬁ SN (s — 5)? T, F
mad (s) Median absolute deviation median;(| s;— median;(s;) |) T, F
max (s) Largest values in array maz;(s;) T, F
min (s) Smallest value in array min;(s;) T, F
energy (s) Average sum of the square + SN 8 T, F
sma (s;, S9, S3) Signal magnitude area i Z]V:l |84 T, F
entropy (s) Signal Entropy SN (elog(e)), e = s:/ Zj\zl s T, F
iqr (s) Interquartile range Q3(s) — Q1(s) T, F
autorregresion (s) 4th order Burg Autoregression coefficients | a = arburg(s,4),a € R* T
correlation (s, s3) Pearson Correlation coefficient C12/v/C1,1Ca2, C = couv(sy, s2) T
angle (sy, s3, 3, V) Angle between signal mean and vector tan=1(|| [31, 32, 83] X v ||, [51, 52,83 -v) | T
range (s) Range of smallest value and Largest value | max;(s;) — miz;(s;) T
rms (s) Root square means \/%(s% +s3+--+5%) T
skewness (s) Frequency signal Skewness E[(=2)3) F
kurtosis (s) Frequency signal Kurtosis E[(s — 5)Y/E[(s — 5)%? F
maxFreqlnd (s) Largest frequency component argmax;(s;) F
meanFreq (s) Frequency signal weighted average le(zsl) / Z,\:l s; F
energyBand (s, a, b) Spectral energy of a frequency band [a, b] ﬁ Z?:a s2 F
psd (s) Power spectral density ﬁeq s F

N : signal vector length, Q : Quartile, T : Time domain features, F : Frequency domain features

T =205 3 DOARFUITINT B IR E D Wi 2 B d U, RIEICE 6
AR AR R A 2 R T 5.

HARBNZ, TR 7 3 — AR OESI I L TE, FTRIERENIZE T 52665
DV T—=R (RARX—T—X) La—PFhrolEIndr¥7—% (22—
Wr—X&) 2ligd s Z & T, FifE2EHd 5. —HMEICEL T, 2—¥7—
RIZE TN EBOFTREEZ s 5 2 & T, fHlifEz FH T 5.

3.5.1 FjALIE

FHfE DB I, 3.4 THTHIH X N A KEIEK /> O 3 fliIEE 7 — &2 (BodyAcc-
XYZ) & 38Y v 1 05 —4& (BodyGyro-XYZ) W32, ZZCHFEh3
I X, FTREBIEORBIZE > THEDRL L7720, MEET—X%E221—HD
3Am GEAT AW, ShEAM, EAKAR) 12T L. file U Tk sicids
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+ Y EIE

Y SREJ5 M

zZ ERAM

X
EITAME

B 6 Yo ReiEh o FLAE R A D 2

LNz 3Tk, K(6)IRT L, BEtizB5 all, 3, o
FEVE, ao(t), as(t), a,(t) & LTEHIZR NG, Z0s %, ETHDNELE a, (1),
BRIE S I DNEE a,(t), ZEASFIDIEE a,(t) IS 5720, £T 229
SHFIND Y YA B w,(t), wy(t), w(t) PSR (B) ZHNWT I —R=F >
(q1, 2, @3, qu) BT 2. I, FoNzr4—R=FV %X (6) ITARATEIL
THETAIVE SN, HEBICK (7) ZHWEZ LT3 HRDOMEEZRETE 5.

0 0 —Wy Wy Wz| [q1
d g _ 1w 0 —wy wyl| |g (5)
dt | g 2wy, w, 0 w.| |g
| G4 | | —we —wy —w. 0| |qu]
G =G -G+ 2(0192 — q3qa) 2(q193 + 42q4)
A= 2qe+aa) —G+6E-G+a 200 — ) (6)
2(q193 — ¢20a) 2(q293 + q194) —qi — ¢ +q3 + i

18



t)| =Aas(t) (7)

T, 3HMOIEE (17 4M, ERR, AGAM) ZHWT, #HEIZHE
TAHIEEE UCHEROEE, 74— A% —EMICET 2L LThEsEH
5. BEE, EBIRS ONEEORMMS 23R T2 I LIT ko THEL, &
JERONLEL, &AROIEEZ 1R, 2R T 52 TCRETS. £/,
WA, HEREE, SEEICBIL TIE, 3EHOMEICINA T, 3MoAEEE WS, 2l
SHDOMD DD HRTHET 3.

3.5.2 ITZR/D 7 # —ALIZ & B

D7 4+ — LT K B2FM T, IRED? SR S N 4T EEEh D& v L
BEOZEZ#HBIE UTHWS., FOMREEOMMT -2 (XAX—FT—X) %%
EL, =V oHEINIHET — & (—¥F—X) LOFLEEZREL, 7
MifetE & 2 B RS 5. S, BEEFHREIZHWS 7 LVITY XALE LT, DTW
ERHWS. ZOHEBEE LT, RNERRE & REBRE DO RIR O BIEOEENREL S
BA, REROBEMEFA T L T XL TR OMELUE 2 EMEIZHIE TE R\
DTH5. YT — IR UTIERE U728, 7227 4 — L OFELUE I & 5 3l
i Form %, XNQ)»OHEETS. Z0LE Dimu) I AXR—T =X a1V
FT—XMEODTW L U, | 2T -2 ORI THE. AT, [TFTEEE
oIt BL 256 TIN5,

D(m,u)

Form=1— l

3.5.3 FTEDFEXIC L B

FTROE I K B FHETIE, HEE X, MHEED S Rl & T EE) fEh D
WL EE 2 VS, ARE OIEE, HEE, EEO 3RO RED ST,

19



BA, BN, BEEEEZREEE UTHEEL, YAXR—T—XEUTTFOHELT
BL. a—¥rsbFAKOEEEZFEL, 2—-PFF—XE LT, YAX—T—X
LR L, FHMUEAE L 72 2 DR T 5. FTRENMEDME X2 & 2 FElifE Speed 13,
B L TR () OB TS, s 22— F—XDEIE, s" 2 <Y AR—
T—XDIEEEE T 5.

u

Speed = S—m (9)

s
y s™(s% > s™)
—
s*(s* < s™)
3.5.4 {TRO—EMIC & 25

1220 —EMEIZ X 2 8HMITIE, 74— 502 & B3l &[RRI, s S B
SNATEREER O VA EOEE Z#ie UTHWS. [H—2—%9»5H1E
N D EBUE DI EEFEDOIT — X025, TRTOWEIT — X DIRY 72 » TH
BUERREZIT, T OWEZ fHMEifaEE L U CTHWS. BHOEFFEIZIE, DTW
ZHW, BT — 2R UCTERM L 2%, TR0o—8% (EAMDOITET +—
L DFEBUE) 1T K BFEMfE Consistency &, PAFOX (10) »oHH TS, Zok
E, D(up,up) &2 202—% 75— XM DTW EREE L U, M IXFTZEEED [
B O BMAEDLEDRET S, £/, [IET—XDEITHL. AFTIE, |
FITREEE T EL 256 TV e 5,

. 1 D(U1, u2)
Consistency =1 — i Z — (10)

i=1

20



4. FLM=EsR

RE EEZR Y AT LORBUZAT T, REFIEROAIMELZBREET 5728, &t
USRS NATEEIET — 2y b &2FERL, THEERZIT>72. KAET
%, T OFHHEBRDOBEIZONWTAENS.

4.1 EEBREPE

FHMSEER T, 3SETIRET DIV 7 7 7t v ¥h oGS N5 RSN
T =R h 5 OFTEEEX M B & T RZEEORERRRTF IR B WT, Mg
liz47 5. IRIZ, ¥ T — X0 ST EEEO BRI FHE AT A BED OMGE % 1T 5.
TREERRIE T, Ba REBMICEE I N7 I 7Lk v oEE N5
MM T — X 250, BolZet v EEMEXRR S -V AOHER e, R
BRI L M MERE 2 BT 5. FIREMERTIE, Y REMES KO
B TV T XA & B ERANERE & SRS 5. AR 1T FT R B OO R SR Al
T, EBET -2 15855 HEL S ANEERE IR U T, BERICHEE %
M T HED &S DMREES . AN OEI CHEBRERBIZ OW TR R %, KFHEICH
\F BRI D W T 5.

4.1.1 FRHEYYTFNNA R

I—Y O EHEEREIIGT 572D VY T84 & UTAETIE, Fx
MFAFE U 7z SenStick[29] (X 7) ZfHHT %, SenStick (Z1%, 8 I DRFEMZ
MEMS & >4 (I#EE, Yy nxa—7, @K, BE, BE, £h, BE, UV)
PHEBINTE YD, HA100Hz TR A LAAZ Y FeIIZa XV I D TH 5
PNV FR2 Y R—-RNThb. £7z, SenStick 1%, 32MBD 7 7 v ¥ a X ¥E
DEBEHRLTWS 2D, NELZE VYT —X2NHMAEVIZEHEHRTAILE
ARECTH D, ERIFIZBIT S, 7—XINEDHMG, KT, 8kduF¥Frrans
VYT X7 7 A NVDRNH L &\ o 7 HEIE, SenStick & A¥— M7 x V%
Bluetooth Low Energy (BLE) @fE% /v U CTHEICERT H I & T, HEHDOA
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N\, ! 7
- - e e p— - w v e
Lr 4 N Device list < YPAI LT~
Kle _—

Acce Gyro Magn Light

3 & uj Sy
Temp Humi Pre T .
~ Cres D) —imm——————
o 1
S

SenStick

7 SenStick

R=FT74 7TV =23 VZEoTITD TN AHETH S, £7z, AT
1%, SenStick IZH#iE N T W5 3HIEHE 2 Y, 3T ¥ 1 022 — 7 D56 il
BV Y2 ML CHREEERZ GRS 5. TREFIEEEHTHY, =
DENE Z EMIZHIET 20 ELRDH 5720, 6lliEEL 0y 7Y v Z A
ZECKIED 100Hz (3R ET 5.

4.1.2 DI T7STINEVHEEME

D7 I TNV OEEMEL LTI, 2-VOREROAHEE XU %EH)
TEIZ5 2 28 % R/NRICT BAENEE LWV, M8IZ, AifEICBIT( VT
TINe Y OEEMEEZRT. AFETIEET, (1) GFEE2EELEZ. 20O
Bl & UC, Apple Watch[30] iIZfRF XN b & 512, LY =7 7 7T A
AARERLTWEZ s, EHABUEIREDEVWEEZIONDOTHS.
ZHITMAT, FRARBEHAEIC L DR EZMEET 57280, HEROAHE LU
STEBEADEENR DRV EZ 5N (2) [, (3) 117185, (4) Mok bk
HYDH. 2T, MBI IIOWM %R F2h#Ed 2802 L x2fEL, T

22



8 SenStick DIEEN &

FeEIHT IR DINS R EDE D Z e 2R, —Hle LT, KISV LT T
TN HIZEoTallaNs, AFEICBIANEETF -2 Yy a5 —4&
DK ERT. H£OOWKIE, ThEhor YD X, Y, Ziib L 3tHos
FAB D HEE X AILEEDEZ R LU TWS, X9 TIkERE, 148, HEBORE
D3 DODIRELHERTE, FATEIERICER I NBEB X -V 2FITET
W5,

41.3 F—49%+tv k

FIIIIRT LI, TADRERERE & 7 NORIEWLOE D B W I RREBRE %
B0, Fr4ADOERSNE (B 134, ZM14, FE18.9+ 3.9) 2o fT%EH)
EDX ¥ T —REWE L2, ALERBRF I 4HOWBFTEH & 240 2 Bl
BENBY, —MINCBATEHIE, AEEMOERPFB/BINTVWS Z & &2 EK
T5. BERB IO TIOEBOEMICESEINY 2T 7 Tt v L IREFIE
2B BMRED RN 2 MREET B 72012, FHBIEERTIX4 2D =T STk
YRERSINEOLTFE, M, I8, MIIESICEY o, 100 Hz oY v
TV v REEERTCEE VYT -2 GEINEES L P3#Yy T —&) A
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Time(sec)
— RightWrist_Accs.X — RightWrist_Accs.Y — RightWrist_Accs.Z — RightWrist_Accs_comp

(a) MEET—%

o 200—
~ H
° : 1
© 100— i
[ I V=V S
3 e
&-100—
< ERE TR R
(5-200— i

~300

o]

Time(sec)
— RightWrist_Gyro.X — RightWrist_Gyro.Y — RightWrist_Gyro.Z — RightWrist_Gyro_comp

(b) Yr 1 uF—%

B9 AFHIZESELZIMUDT—XIKE

Ak N7z, EBRSNEIERRRE CH2HEG, RREFEIZLBVWIEEE
1o 2B EEEDOF AT b Tz, FIREEORNTIL 5 RRE O IIREEZ
&0, 5HEOITEEME (Em, A, Am, A, G/0hF) U TERD %
102y hE2fTo7. MR UTEEH 7001y bDHEEFEDO X VY F— X %2IL
Lz YUY TF—RITIX, SHERE OFEERBIAR S S TRINETOTART
DEFHEN R A LAR Y T IIZEERINTE Y, 774 VTSI nz. X
TOEEFEITE Y TF—R e LTig e LTEEBINTE D, STEHER
Wit e XA LAR Y FTIZHEDVTFEET T TS nr.
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® 3 FERSMET—X

EERSNE | S | MR | BRER (5 13353
A 23 Men 0 fEL
B 23 Men 0 L
C 23 | Women 0 fEL
D 17 Men 0 L
E 13 | Men 0 L
F 24 Men 0 L
G 23 | Men 0 EL
H 15 | Men 3 — ik
I 23 | Men 2 B (5158)
J 17 | Men 3 B
K 16 Men 3 FIB
L 15 Men 4 FIBE
M 17 | Men 5 B
N 15 Men 8 —B

4.2 FIZREFREFR

MR T, BETAHEIMEOREFIEIZOVWT, (1) HELEFEFIEIZ
L BB KO, (2) M FIEDOPALMERERHM D 2 D O FEAM /515 THRET %217 - 7=.
DLFROIET, ZNZTNIZDOWTHHT 2 & HITHERZRT.

4.2.1 BUEGEFEICL B

RETFIEOHTEIEOMABIZEINTH 2 0% FHEiT 57012, DTW ZHW\ 72
FE L MOBPEFAETIEL O ETo 72, MOBMBEFHEFRE LT, 2—72
Uy REEREE a¥ o VHEMEEZ AWz, BXOm ORERIT—X Ty = (4,8,
) BEOT, = (83,43,,12) W5z ohize &, 2—2Yy Nl Dp, B &

25



YA VHEBUE Simeos 1 XA (11), (12) TEHESINS.

Dpl(Th,To) = | > (th—2) (11)
=1

Simeos(Ty, Th) = Zt Jit}J it? (12)
=1 =1

ZIT, BEBSINEOLAFEIZROMNTONZY 2T T TNy TS H
B U 72 5 O RENED NEERRY T — X 2 H U7z, KRERST — X121,
102y MO UHEOITEREENEGEENT WS, EFEBSMNED 10y O
BHEEEDS B, 1y VERRIIT 2167 7L — b ULTHIBL, 5%
D9ty FEELHRINT—XDY T —r v A% AT =R LTHWL., &
EMEEIC LD, Kty NIBTIEFY L= UTHHET S, £ TOHEUE
AEFECBVT, TV BTV TV =T VU ADOMADEI X 1.28 B
(128 > 7)) & LT,

£ 412, DTW & Z DM OFELEFH R F1E % 72 FT 2B FERE R O M R
MREZRT. 72, K101, ALERERE & RRREDT — X 2HW - & DO
M AR, BEEERSINE ORGERERIC X5 MEE2 R U, FLEFHEFERIR
BT EINTVS., RABLUTK10L D, DTW 2 HWZ & &, B EWVBRHRE
EEB/BONDZ L EHER L. SR, 2—2 )y Nl AW X, il
FEFEUSE RN LI e o, fFTREEZ EMICHRIE T 2 BUERFEE L
T, BERGEIHETE S DITW DA TH S Z & 2R L /.

4.2.2 WMHBFEDO N ERETE(M

REFEONMREEZHERT 572012, A) FA—2—F O —FEEDFTEEHE
M, B) H—a—YOR2HEOTEEERL, C) b2 -V DR —FH
MO EEEM L, D) B3 —FORLZEEOEEERL O 4 FEEHOFE
i HikZE MG U7z, 11 IS KM GIEOMERK 2R T . £ T O 5k
BWTC, V7L bDEIZ301 B01Y Y TI) BIUOYTY—T U AD
FEXIX1.28F (1289 > 7)) & U7, DARCEIHEGEDWCHT 5.

26



x4 FOUEFRETRIC X 2B

Fv7L—h DTW 21—%1 v REEE 494 VFELUE

ETH 96.5% 56.6% 86.0%
G 94.4% 50.0% 86.1%
FeTH 96.4% 55.4% 94.0%
il 90.7% 59.4% 81.1%
INF 96.1% 58.3% 89.3%
S 94.8% 55.9% 87.3%
122 94.8% 96.4% T
80 87.3% ==
E;: 22 I I I
» ALL Experienced Inexperienced

Average Detection Accuracy Based on Participants' Kendo Experience
= DTW = Euclidean Distance ® Cosine similarity

B 10 ALERERIC & B RHkEE

A) R—1—YOR—FBEDOITRBIER L

ZITIE, TYIV— M ANT =R, FA—OFEBRSNES L OH—FHEOT
ZEER Wz, 10y SO EEEDS S, 1y NERRIT =205 TV
TU—heUTHIEL, YOIty NE2BURRIIT—REANT—RELT
AWrz., ZEMGEEICED, &y MI1REITO TV I — b UTHEAINTY
. %12, TITRYLT I TNy PEEMEIZ X BRIEES L 7.
512, A—a2—YOR—MEOHEEFELZRL LA RE RS, T I T,
RERERDEEEZEZB LT, v 7 77y PEERMEIZ L DREEES R
U2, £, @EBRSNEOMRICERT L, "7 77V R
FHIZEE L SIIRbEVWREEEZRFON, FE: 3% TTho7. —%4
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Men Men Men o Kote...
Detects Detects
—)
Train Data Input Time Series Train Data Input Time Series
Detection of the same activity Detection of the different activity
for the same participant for the same participant
Men Men Do, Kote...
%Detects Q 2 %Detects Q
Train Data Input Time Series Train Data Input Time Series
Detection of the same activity Detection of the different activity
for the different participant for the different participant

K 11  FTEEEREIZ BT 2 LR AR 7%

T, BEORHEMEE XY =7 5 TN I 2B TGS EE L&D
F:86.8%Tdh-7z. ALERKEDOT THREAVRHEEETH->7-0E, VT
TITINe YR IREIZEE L ET, FE:91%ThH 7. ZDHK, 1T
85, B, GFEEHE, IXNTOMEEEN B.0%E2BATWS Z & 2MRL
2. RIERBEBREDGE, V7 37V 2 ATFEHICEE LIRS
WIRHEE 2G50, FAE: 928%Tho7-. T0#%, B, W78, MiakEe
feE, RERE WIS o7z, 1T, FAET 24.5% D & H MR T & 7=,
ZOHMBEE LT, FEDO1IEEHZT Y7L —1b, 29EHZ2ECRRYT—X% A
NTF—xE Ul &D, #HEED DTW R (X 12(a) B X ORREERED DTW
PR (X 12(b)) O EIET 2L, RERE DI F DY — 27 DHHETH
ZDIZRL, RBBREDWIVIZEATNS Z D ERTE 5. ZOKRIE, &R
HEWFIE—EOH & T10 M OFRENEZFETTETVED, KRFREIXKITR
BfEICR U CHER RS L RoT0WE I 2 RLTWS, —F, AFETIX

B & RRERE DMK E DO E A mE/NE <, M%T%ok.bﬂib,ﬁ
ET DT EIMERETIEICBVWTRDEL TV EEMBRIAGTE THL L EX
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x5 [FA—2—V DR —FEEOITREER KR

RAENIE HAFE i

TREE 2F RBRE RRERE  2F  RRE RRRE
IE T 95.1% 95.7%  94.5%  94.7% 98.6%  90.8%
AiTH 94.6% 96.0%  93.3%  95.6% 97.7% = 93.4%
EH 95.3% 95.2%  954%  924% 97.4%  87.4%
Fillid 90.0% 93.5%  86.4%  88.6% 90.6%  86.6%
HANFE S 96.3%  98.1%  94.5%  93.7%  97.0%  90.5%
-1 94.2% 95.7%  92.8%  93.0% 96.2%  89.8%
RANE Wrs5 (papa
TREE 2f REE  RRERE 2 BERE R
R 86.7% 99.4%  T40%  86.0% 99.2%  72.7%
Al 89.0% 97.7%  80.2%  842% 99.2%  69.2%
ZETH 89.3% 97.3%  81.3%  89.3% 99.3%  79.3%
Fillid 82.2% 96.6%  67.7%  85.4% 97.8%  73.0%
HIMNF 86.7% 99.8%  73.6%  89.3% 99.9%  78.6%
-1 86.8% 98.2%  75.4%  86.8% 99.1%  T4.6%

5. koT, DIBOFMiTlX, ETPEICESE LTI 70y oBEon
AF—REHWNS

B) A—31—YDELZEHDITREFIRE

ZIZT, TYTL—bEANT=XIL, E—OEBRSMNEDE LD FEED %
BB PT o 72T RTOTREERT > TV — b LT 1HAH
Woh, Bab AMEOTEEEZ 10ty N TOELRRIT—X %2 AT —
2 & LUTHW:=.

K612, F—2—VORRLEEOITRIEZ MR L MR 2 RT. 2fbE

ez fvie.
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- DTW distance
® Local minimum point

1.0 1
L]
v
[ =
8
-.-3 0.5 1
:
0‘0 1 T T T T T T
0 50 100 150 200 250
Number of subsequences
(a) RSEREE D DTW Hi
- DTW distance
@ Local minimum point
1.0

T}

v

=

8

% 0.5 1

2

0.0 1

0 50 100 150 200
Number of subsequences

(b) RIRAREERE D DTW il

12 AIEREROAFHIZ X 5 DTW PRI

ICEHT B, BHEKEEDOEEX89.9% & b, [F—FEEOITEEEMREH S A
UKSERME T L CTWE Z LW R T E 7=,
C) X2 1—FOR—EHEDITREMEFRE

ZIZTE, YTV =M AT —RIE, BDZERSINE DR —FEEOT2EEHE)
e\, ZZTRTFYTL—h2 LT, R=A2R23B%E (FLEkERE 1
%, ARBHE1H) O YT =X &MUz, 2807572 T XN TOFTEEFEN
TYTL—=breLUTIRAWVWS N, B3 20%OR—FEOTE#EE 10y
NEUHRIT— X2 AT —X2 L ULTHW:.

K7, A—2—VORZLEEOIEHELZRL LR 2 RS, REED
T—RY, KRBEDT —REZNETNT VT L —he UL EOMEZRLT
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R 6 [—2—H DR DD EEEM AR
roeEfE 2 REBRE  KARRE
1E T 91.9% 925%  91.2%
A 88.7% 90.1%  87.3%
JETH 90.2% 89.4%  91.1%
p&y il 86.8% 89.4%  84.3%
H0NFE 0 921%  91.9%  92.3%
Sy 89.9% 90.7%  89.2%
K7 B2V OR—FEEOITRBEIEM AR
VA AZ S e AR BR A
AN T =4 2k REBE ARBE 2 REE ERBE
1E 96.7% 98.3%  95.4%  53.8% 46.7% = 62.0%
A 99.1% 99.3%  98.9%  40.9% 29.2% = 54.6%
FETH 96.4% 94.5%  98.1%  414% 312%  53.3%
p &y i 89.2% 91.9%  87.0% 15.2% 10.6%  20.5%
GINF 94.2% 92.7%  95.5%  46.8% 37.9%  57.2%
Sy 95.2% 95.3%  95.0%  39.6% 31.1%  49.5%

Wb, FERELT, AERBREDT — X% Ty 7L —heLzE &, @OMRIEE
EEROoNED, RRRREDT —RE2T T —heT5L, HLIRHEMEEN

KR U 7.

D) £ 31— Y DR SEEDITREFIRH

TR, TYTL—bEANT—XIE, BibEBRSINE DR LEEDO T
iz Wz, ZZTETF YT L—he LT, R=ALR252NE (RERERE
14, KREBE14) Ok F—2 2L,
M7y T —hEUTIHHAVWSN, RIREZBNHFDLRL L ATEHEOITEE %

24T o 72T RT D EHME

10ty FITOELHERNNT—X2ANT—XE LU THW:.
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KR8 HpAZa—YoRLAMEOITEHERERE

Ty7lL—1h i ) RiEERH

ANT =2 =R REE O RBERE 2k RS KRR
EH 95.7% 96.4%  95.0%  39.9% 35.8% = 44.7%
AT 96.5% 95.9%  97.0%  372% 26.9%  49.2%
FEH 96.1% 95.2%  96.9%  33.5% 25.0% = 43.4%
Fillid 90.3% 92.0%  88.8%  41.4% 27.6%  57.4%
FINF 96.6% 97.4%  95.9%  36.7% 30.1% = 44.5%
- 95.0% 95.4%  94.7%  37.7% 29.1%  47.8%

82, H—a2—V DR ZFEEOITRIMEEZ ML LR ERT. ThiD,
FERERE DT — 22T T —he Ll &, B33 —VORRLFEHEDIT
CHECH-> TEEVWREHEELZE 5N, Thbb, BETIITRIEDOKRE
FHETI, RIERBREDT — 22Ty T —bhe$5Z 8 TEWiNbMRE
EETHRLEZONSD.

4.3 TRIFEIMETFHER

FHlSEER T, RET DT REEOREGRRTIRIZOWT, (1) 2745 BT
B7NVTVZALZEBIEE, (2) 727 7702 v RAEMEBEIC & S HED 2D
DRl fTIE TR 217> 72, 72, TNZNITDOWT, FHETILVONALMERE

RT B0, 2—HHKIFE (PD : Person Dependent) B & O —Hizr (PI:
Person Independent) @ 2 0 THEMi L 7-. PD DGE, leave-one-set-out cross-
validation TFEAM LU 7z, e DEERSINE THAE I N2 10 2y b DITEREIED 5
B, 9k Y bOTF=XHGIT —2IMHEH, FHHD1EYy bOTF—=XHBT A b
TSI N, REMGEICED, &2y PEBTIERET AT -&EL
THHAINS. PIDHH, leave-one-person-out cross-validation TaHMiL 7z, 13
HZDT =RV T — R UTHAIN, HOD1HDT—XDBT AT =KL
LTSN, REMGEIZLD, 2EOT—XDPMBT 1HTANT—XE LT
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fHINS. UTFTOHTENENIZDWTHHT S & & B ITHERZRT.

4.3.1 ER2HEHBEZBT7ILIY) ZLICK BHE

FIEEEORBERRERTIEICBWT, COMTE 7V IV XL 5 % Mt
9§ 572812, Support Vector Machine (SVM), Random Forest (RF), K-Nearest
Neighbor (KNN) , Artificial Neural Network (ANN) @ 4 D% F\\ CaRilks &
DL ETo7-. FHEETIVOREIZIL, Pyhon DEWFEE I 77 ) Thb
scikit-learn[31] Z FHWTH D, BHEWMZE DT A — X d scikit-learn DT 7 4 )V
NXETHD. £z, ZNODOEMFE TNV TV XL %ERTLHHE LT, H
M7 — & % W 72 Ewﬁﬁwmkﬁﬁé%ﬁmnp5%SWBmLamfﬁw
%#Féﬂfwékbf%é L7, FEETNOVERZ RS B 7D IR

EIRTEEZEM L, &b EVIEKE L 2o ZROMEEZHVWTW5

I1a)axvl1a) 4 DD BT @7»:UZA(RRSVM
KNN, ANN) ZfHW/z, 2—%iRF (PD) OF@RRE =Y. 72, M 14(a)
5&0ELM):,J—ﬁ#wﬁ(m)wﬂ%%Wmﬁ%%%ﬁﬁ Zh s o
R, 14 NOERSNED I FEEZRLTWS., 22T, FHEIBEAREHE
HOPFFEE» BRI NEHDTH D, K (13) TRIN5.

2 i £ 3 x B
EEH T B

PD O56, &b EWVililkEE 218 o Nz # 78 7 )L 3V X L% Random Forest
(RF) THo7-z. —H T, K-Nearest Neighbor (KNN) 2%fx® Z8 ik & MKW
fER L7572, PIOHA, Support Vector Machine (SVM) & Artificial Neural
Network (ANN) TEWIEMEE 2607z, Lo T, PD D&, Random Forest
(RF) 2@ L TH Y, PIDYE, Support Vector Machine (SVM) & Artificial
Neural Network (ANN) DEXITH S Z & ZHERL

F i = (13)

4.3.2 9IT7STIEVHEEMBICK DHEK

FTEEEORERRTIEIIBWT, Bl Y 7 7 70k VY EEAEZ RE
T B7-DIZ, BRAIREENE TORKEE % gL 7-.
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%%'S6
%T'96
%L'36
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%L'€E6
%888
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Accuracy
%9'SL
%L'SL

%9'29
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40

20

; ul
H
2|

RW w ST SS RW+ST RW+SS RW+ST+SS RW+W+ST+SS

—

Combinations of Sensor Positions
(RW=Right Wrist, W=Waist, ST=Shinai Tsuba, SS=Shinai Saki-Gawa)
= RF = SVYM = KNN = ANN

(a) 5 *@%@?T%%MEOD n:u\n&%%

%0°L6
%6
%E 88
%%b'98
%9°L6
%S'L6
%5S'96
%5°'96
%L'L6
%0'€6
%96
%056

Accuracy

ST SS RW+ST RW+SS RW+ST+SS  RW+W+ST+SS

Combinations of Sensor Positions
(RW=Right Wrist, W=Waist, ST=Shinai Tsuba, SS=Shinai Saki-Gawa)
= RF » SVM = KNN = ANN

(b) 3 FEHDITZEHNEDFRAkES R
B 13 PD BT B EEEREFEER (FH)

13 &0, PDOT—ATIX, V=777V rH%1DETHWEZSBETD,
AFE (RW) T94.0% (5 FBENED) , 97.7% (3FENE) , I#E (ST) T
94.2% (5 FEEAED , 97.6% BHEEAE) OEmVWIEEKEELFoNZ. £/, 2
A LD =7 7 TN v 2 lAGbEZGE, AFE MIEBOMAED
 (RW + ST) ZBW\WT, 96.4% (5 FFEAEEH) , 98.5% (BFHAE) &, &5
VZRRERRE AN B L 7z

X14 &0, PIOTr—ATlX, 1EFROADY T 77V Y E2HW-E &,
BHEVWEHEEE LB oNZD, 18 (ST) T71.0% (5RESH) , 81.6%
(BFEESE) &, PDOT— AL KL CRMHBEME TN LU, K152 PIDT —
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100

80
> ~
3 ] =) ~ o
g M-l B B BE.B gB 5 A
u 1l = wu
2 o HEEE MEaE BHEEH REB 8 B
8 40 MY S A EE B BRE "HE - 8
< o B B O 3 s = 2
5 EAE 2 S e
20 [ 8 » Bk
i =y
o B S
RW w ss RW+ST RW+SS RW+ST+SS  RW+W+ST+SS

Combinations of Sensor Positions
(RW=Right Wrist, W=Waist, ST=Shinai Tsuba, SS=Shinai Saki-Gawa)
= RF = SVYM = KNN = ANN

(a) 5 FEEIO TR EIE D 3RS

100

80 [ ] [
> - “mR mEsH 8EaE -H BN ge
9] N3 @ E 2lalo M lele|w = ] B -

S ® S ale ] 5 N s 3

C *° M. S| HHE HEEE B 21718F e
Qo mogaQe\ﬂ B D ES S
c YR HERE
< Ilelz|2

20 R I I

0 RW w ST SS RW+ST RW+SS RW+ST+SS RW+W+ST+SS

Combinations of Sensor Positions
(RW=Right Wrist, W=Waist, ST=Shinai Tsuba, SS=Shinai Saki-Gawa)
= RF » SVM = KNN = ANN

(b) 3 BRI T ZEBIE D FaAS B

B 14 PLIZET B EZEERGEFER (F1H)

AZBITD, VT I IV Y RIS LU -BORRATH 2 RT. 5
MO AT, 3HBOH TOMEEHNL <, 3FBEOITHEAMTIE, mE
INFTOMEBHBNL N LR TE S, I NG 2R L MR, Rt
ERFE DL WITZREIER D D SN2 212 & 2 2R T =B EDIZ S D &, &
BSMEZL > CTEAHOHEAENRRLR->TWDE I L, —HOEBRSNEDH
DI REEIZBENT, MTIDIRY BRI HNE L, HETENFLEDOENDTH
ULDRWZ LR EDHERTE 2, 2k, PDOTr—ALHIKLTPIOT — A
TRMHEEMET U720k, EBRSBINEIZ X > THEEELN RS Z 2 DHAT
hrrEZONG. 2N EDY =T I 7NV v E2llAaGLERES, AF
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nfusion Matrix 80 confuslon matrlx
age confidence Yage e

C-Men 10 6 0 12 70

R-men 18 2 4 12

50

Gi d Truth
-
3
N
3
-
.
2
-
3
S
S
Gi d Truth

40

D6 0 9 0 5
30
20
ote 2 72
Kote 12 7 2 2 20
10
3 c 3 o I 10
g

g § g 2 p
= £ £ K] § 38 &
O = o Llg = ) K]

Predicted Valus Predicted Values L

(a) b MEEHDFT 2R R (b) 3 FEEH DT 238

B 15 PLIZBIFAMIEOY VYT —X 2\ 22350600 X 2R FEfTS]

Y, TrlEs, MrkEOMAEDLE (RW+ ST +SS) i28W\WT, 73.1% (5 &%
DHE) , 84.3% (3FEEENIE) 720, PIOTr — R LFKRIZE VY DOAEDHHEIZ
J:O"Cn:uu%*iﬁblmjij—%) K%Eﬁn L/7L-

4.4 ¥FTEENMEDREE M

IR T, IRET IHEIRD T K BTEHEEE, 35 HTRR/IEEHW
THHE LM TEBENESPRIEL 72, HED 7 5 — LA RO X &k 33T
%, %%£M%®$T?%ﬂﬁﬁﬁﬁﬁﬁﬁ< TREEALTWAI—FDT—
REXAR—T—RE L, fHiziro7-. 7=, FHMEMEDMEIZEWIFY, AGHE
NENWI 2 ZRLTWS

M16IZVY AR =T =R e A=Y F—XE DI 2T + — L OB O FLE 12
DWW, FTEFERCY =7 5 7Vt RS A E 5 O R ER I 0 SEATE & kS
WL ODRDHBEIZEWT, KRBREDAVEVIHMIEL 2> TS5 DBIFEET
B0, BEARRIZIIRRE D ANEVMEEZ B ONT WS Z LR TE S, K
2, VT I 7Nt Y OESEMETHIRT 5L, MBI EIZEELZL
E OFHfETIE, MO EZ KL TEPHETH 5 Z L 2% <, KREEMT
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EE A& E@| C] NF

W fERRE W AERRRE

B 17 $2EDEHXIZ X 25

JBERET L LTV I ENEZONG. £/, FTEIEOMECLIEKT 5 &,
HAXINF &\ o T I B W T RRERE OFHiEAME T L TH 0, e bk U C#
LWETHEZehnnd. Zhkb, 2207 + — LIIRBE % 51l 3 2 a1
LB DERTE .

FIROMSIZ L 2FHHCl, BB REFICHI ARNDAETH 1]
WCEE L2 v DT —RIZHEDOWCHi 217 5. 3.5.3HiThR7Z&L>Z, M
W, HERE, WS THEOFHIifE A FEH Uz, WDIZ, T s OFlifE
DL T RFTIRIETH 202 R T 5720, O 75 EOFHliEIE %
i e U T FE TR THE IV Z L 74 VA NE, RIERIRTETH S
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0.8
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0
dm ot B, B
Hh £ R & R
Ly R £ R €
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IEM A& E@| R NF
W #ERERE B AERERE

I
HEY
sxy I

& 18 e —EMEIT & 3T

RFE (Recursive Feature Elimination) &\ T, $EEOMVIAAZ T, K17
12, OIAADFERE S N2 KED EAL 3 H D FaEIZ F D\ CHEME % B U 72
FERART. 22T, XIXEF AR, YIIERESM, ZIXEAARERERLTWY
5. JREDHEDWINEE £ 72 1 3HEICET 0L, RERE & KRG O
i H K E ANV, TNk b, REBRE L RS CHZROMEE I L TIE
REREFRNE DD, RERH IR HEIZEET 5 F TITET SRV WD
EMEZINDG., UTzhio T, IEORE I IR 2 59 2 FIE L 70 5 Z & A3
NTET-.

B 18 12— —H DI T + — L OB DO — B KD W7z, FTREMELD
D=7 T Tk AN E N ORI OFHiiEE R T, FREDHBEIZBEWT, #%
BEDHPOTNIZEVIIE L 2> TWB I AR TE 5. Tk, K5
FIZIEUVWHEEERF I WTE ST, fTEmIcAhLELT0wEZ %2R
TWb. 7z, RO 7+ — LT X 2FMikE R & FERIZ, M08 KOSy o
TIIN v REELZEEE, RNFL V5 2EICE W TEHMEEAME T L
THD, KRERE & REEDHEIZENRN LT WIHHTH L Z e nh o7, Z
n&o, HEO—EWEFKIC, BELZTHET 20 05 Z LR TE -
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5. Eim

AL T, AADEHKZRED —~DTHhLAEICERHL, WLETHE
M7 RERE S 2 BT A2 L WKEY AT LOEBHEZHELT, EiEv Y
WY =7 5 70k v Y& W REEOME, MR, B & OGS
FHEEZRELU-. REFHEOAMMEZFHET 5720, (1) 2—¥hr oI N7
T — X5 OFTEENEX R, (2) FTEEO R ORSERG, (3) s /-4
ZEEE IR U C DR REAT 2 B 3 2 SR SEBR & 17 - 7=

FUDIZ, V737N ERAFYE, B I8, Prikefiicdgs Lz 14
HDEBRSINE (RIERERE 74, KREBRE 74) »ORRDICK4TREED
e T — X 2INEL .

(1) T, 77— M ANTNERERGL VYT —XEDDTW (Dynamic
Time Warping) FHEZF5HE U, FTEEFEXHEZMRM U7, £ ORER, RERER
FDT—RETYTU—NIHWS L, Bida—Y DR EHEOITEE#ET
HoTH, FIE: B5.0%DECHEHFEZMHITE 5 L 2R L 2.

(2) T, HAA SEREETEZHWEHRET VIC K-> T, 5E (EmH,
A, 2w, M, NF) CHEEK— Uz 3EE (m, B, NP OFEEfEE 58
U7z, §HiilE 2 —H1kZ 35 75— A (PD) &HFLRWT—Z (PI) D238
T\, PDTUE, MHBO1EFROMIT =T I 7Ny 25 LGS, 5
SETEME: 71.0%, 3B TFE : 81.6%DRMKEE L >7-. PITI, AFH
DIEFIC T =T I 7NV v Y 28EE L25E, 5T 94.0%, 340%T
FA: 97 7% DFEREE L InoT-. £/, EEOAMEIZY T 7 700k Y DEE
THIET, RMEENM LTI 2R LZ. BMFEETLITY XL LT
i%, Random Forest (RF), Support Vector Machine (SVM) , Artificial Neural
Network (ANN) D 3 D CrE\WiRadfiE 256N d Z L DHER T E 72

(3) TlE, BT EDOEZMITHEINT, TEHBEO T + —2L, #HX, —HME
BT 330D AENT, Btk Lo BESNAMEEE Yy ahs, K
BT o - iHMEZ B Uz, 72207 4 — AR L T, HEEHEX
MIZB I3 EHED L VY TF—& (RAX—F—&) La—¥hroliGInsdt
YHTF—R (A—¥F—&) RHEKEL, —BEHCELTX, 2-YF—XIEE
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NHEBOFTEEEZ RS 52 2T, FHiifEERH L. TOMER, 720
TA =5, HE, —HECIEDOWAEZLOREBIZEWT, REBRE & RRERE DR
D FAME D 72 3B IR T & 72728, T o IXAERM I AN R fBiETHh %
DTIEBRVNREEZ LN,

SHOMBREL LT, SREFIEOUERD SN D, {TEEEOMRH T,
WD DTW 7L TY) AL Z2HNTWED, TRTTF— Rt U st % 35
T5720, BRIIDODESVRmeénTHDLE, FHEEIFZOMmx n) %&b, VT
VR A LTOTEEFEREIZHEL V. Lad->T, BEZETIEFICTEDOSE
HAEDRMETH D, DTW Z @S# b U 2 FEP WL ONREINTE D (33, 34],
INS5EHAVWSZ L TWENGTE S,

FTEEfEDRF T, FEa—PikEFE (PD 1281 288 E O LA BETH
5. FERWRY AT LET B2, 5HEEOITREELZ 0% L3252 L1
FLWV. F7z, RLBEICIIMIZ B RRA RISHEDFIES 5720, Rl o
Hommbkdohsd, InsofElX, LoEOITEHIET—XE2INET S
LT, WEINDEERDL. £z, BEFETIE Y« v NYNOFRE FEE
BT 58T, T XONMEEEHET 5720, WA SRR L7z £ BN
FEETO PRI OEEINDAEEEDLDH 5.

FI2EIE DR R C I, —OIBEIZH VT, ALERERE CTH > THMHEW
Tl & TN BHER, KRRETH > TEBVIIi E SNBGEEIWFELE. Z
DEHE LT, VY TF—=RIZEEND /1 R BER, FTRHEDOMH A
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